OBJECTIVES The aim of this study was to examine atrial fibrillation (AF) substrate using different modalities BACKGROUND Bipolar voltage mapping, as part of AF ablation, is traditionally performed in a PBP approach using
. These regional disparities in myocardial properties are thought to support reentry and triggered activity in the atrium (5) . Assessment of atrial fibrosis burden is increasingly used for prognostication and to inform ablation strategies (6) (7) (8) .
Initial studies examining low-voltage substrate and its correlation with late gadolinium enhancement (LGE) magnetic resonance imaging (MRI) used a point-by-point (PBP) mapping approach using ablation catheters (6, 7) . Although this approach offers the advantage of confirming tissue contact using force- A parallel imaging technique, generalized autocalibrating partially parallel acquisition (reduction factor 2), was used.
IMAGE ANALYSIS. Pre-ablation LGE magnetic resonance images were processed off-line using QMass MR version 7.4 (Medis, Leiden, the Netherlands).
Epicardial and endocardial contours were manually drawn around LA myocardium. The reference point was placed at the anterior base of the LA septum, and the LA myocardium in each axial plane was divided into 25 sectors, as seen in Figure 1 . The image intensity ratio (IIR), a previously described LGE MRI technique that normalizes mean myocardial intensities by the mean intensity of the entire blood pool, was calculated for each sector. The methodology for calculation of the IIR and its association with regional voltage by electroanatomic mapping (EAM)
were previously validated (6, 8) . Interobserver and intraobserver variability of our LA analysis was previously assessed and found to be excellent (6) . Zghaib et al. the association between bipolar voltage and IIR. The adjusted relationship between IIR and FAM Zghaib et al. A mean of 82 points per patient were acquired using These findings further demonstrate the utility of MRI in mapping abnormal myocardium as well as guiding AF ablation. In particular, long-term procedural outcomes of patients with persistent AF remain dismal (w50%) (20) and are attributed to extensive atrial fibrotic remodeling not targeted by PV isolation (7, (21) (22) (23) . This is supported by the DECAAF (Delayed- Tables 2 and 3 . on the basis of equations derived from our work.
An important caveat, of course, is that data are lacking regarding how these parameters correlate with scar assessment on the basis of actual tissue evaluation.
STUDY LIMITATIONS. The gold standard in assessing atrial substrate in AF is tissue evaluation. In patients with AF, the muscle bundles were surrounded by thick connective tissue fibers. These thick fibers were also interspaced between the single muscle cells (33) .
The resolution of PBP or fast anatomic maps using bipolar electrodes is very poor compared with this gold standard, regardless of the mapping density. Figure 3 ).
CONCLUSIONS
LGE MRI, FAM, and PBP mapping show a good degree of correlation for delineating fibrosis-based AF substrate. Each approach has fundamental technical characteristics, the awareness of which allows proper assessment of electroanatomic AF substrate and potentially avoidance of unnecessary ablation.
